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1. Introduction 


fnyeen comumed by serbic miuoranins 4 oxide erganc mnt [|The COD 
Sorc rac oad rset 2}. The atonal approach fr COD aa i doe by mlisep 
hemi technique ve. reflt mhod, which 4 nety sour operation, im whic seed 
(ube, this mating the aml rk die to the tak of explonon (Sl). Adtonaly the 
lyn an makes thn procs lens accra [3] Hence, witht esa pd me cos 
[ogre miu, fr vant of kdr-cemicl psc and ological ress: ( 
‘To cacumvent the consis aca he developed Daa driven tigen (DDT 0 
‘ubles (pata) to replace phys kairo knowledge den ols (5 
[DDT canbe Soft computing and Had computing. St computing employs paral th 
{5} Adapve network haved fury serene stn (ANF), afi acral etn (ANN 
‘pot fen alized DDT for water quality mets [510] Over the lt decade, seer ees 


soviet rich like Mehr {11} employed GP-SARIMA to_imrove longterm 
‘Soin fing na keer pn fu Rr Ft a 
‘orelogrm andsverage mil nfration (AMI arly ny lp pik the ot gs fr 
Stcamflow move! precios. Karam! (2) employed Newal Network: based meth (NN) 0 
tote lst att of rapaton fx Gar cy of Tm. Ting plas ea shar 
{fae NN model eo site evaporation wih nmin cor Whe Pan a (6) 
Shlsed ANN wo prt and Frcs lmperntare, ality and DO it Singapore est ar 
‘Singh ta [7] ule ANN tchnigu sate the DO and BOD level the Cort River 
(Uns) Na et a [13] sd Basan 18] employed near and solar modeling ns 
'ANNs fed fra bck propaption ni pial lent ne (PLS) represen o eect he 
raft DO aed BOD levels, ut the nonin (ANN) me oem the Ica (PLS) 
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‘made, The sppiton of ANN forthe prin and modeling of COD removal fe 
nubian ye Fenton proces ar esl by Ells a [15] an ead 
‘Ho the encom was excl cline wo he cal da, with high valu (cack 
‘dtemintion) i 977 and an MSE of O000376, Emamgholiade el [16] employed 
MIP, rai bes acon (REN) apd ANFIS 40 andl hee npn waer uakty 
rameters (DO, BOD, std COD) fr Kphet water ow Inian Karson River Rea 
Sree rolecting aancod acter with bused vaooe (R DN6, O94, O96 rexel) 
[Akiandowan aod Kavith []etimted COD concern fir lex flea ing fe 
AANFIS an mile Igor repre (ML) As 2 somequnc, the ANFS lehniue 
cupeormel the MLR in modeling COD concentration. Conan Nel Newer 

‘Shur-Term Memiry Nevwrk (CNN-LSTM) lena, whic ts fuel oon aenon 
‘mectonin,rarned by Mi ea 171 ante le water uy th el River 
(Gin. The ele show at he yd model perfensHetrha th conventional NN eel 
in sching oie times peiton ae tn Kaye: Trey, Got [1 wed MEP 
Feceat OD in sewage war este city sig peti, sama ois (SS), 
(COD, twa dsved sl (7DS), tol irogen an posers The cores vale 
tym 0915, and the ANN lecniqe far maling DO predcion a deterina to be 
‘actor. Dogan tL [19] wed chemi aygen demand, fw (Q), tempat, es 
‘a ammonia a aralsoeplr th ost ofa MLP pe cen he 
revson of HOD preicuon i the Meln River (Tukey) and nines nee satiny 
(G08) Hedin Kis [9], explo ile! approach te. malar apne 
‘earion spline (MARS), del ee (MT) dro ml DO an vt comets 
Shin let-gunes suport vector machine (LSSVM), Copp to LSSVM, MARS Bal 
the boa,withn Raf 0985 and RMSE and MAE ot 047mpand O86 mp opens 
Silty Mere [20] wed a multe evolaiory search lst in wich Wh 
pefrmance ri borne gens frm + ligne OP solution comhned tah 9 ec 
ence Programming casne for redcing I memh abel fifa eminent fom 
‘oncology satis in Lake Cra Ban, tone The mel poputed xterra he 
enchmak maoestanand GP and sulrereive ste space i bt the an eet 
“The en ho aul 25a 6s provement avrge of an in in ar 
‘adc Nall nce programing (MP) cant genes of lower perfomance abd Sly 
Slo hon her petormance ont oe fn solu aed he esa Se 


“Th ity french weve mot of i wo i Sted ot pation of DO ae 
[NOD forever water ater th COD and employs ANN, ANFIS, sl sal number of 
sue ako wed LGP apd SVM etmgucs 1 simlte water unly maces, Dem the ct 
tt ee etc do enlace exereny © sme ee, ty ao bare eta deve. Fer 
ple mahomatealequsion,rnking less poachers ANFIS ar led bye 
‘muting cpl Ava rel de eal wd! or mooring wae quis be 


vn inorder 6 rlace he acura, computa compli snd ver Sting tx 
‘ta paps pr approach n it of he ene nfrmsin the authors knowl, mo 
‘at-gne gence propraming (MGGP) ad model tee (MST) fer he pcos of ate 
marth rn with ANS rede! [15189 


“The water quality dts fr Mul, Man and Mula-Muth River were employed ver he fst 
Fieen year (2003-2018) 16 stain hs goal. The outcome of tre developed models were 
sola and compared wong rot mean aque cor (RAISE), mean abl ive ero 
‘reseoaton of values of sraphs and seater plots between actual recorded and moet pedited 
{aloes The ext pat will acne he cngus employed lowe by infomation a he we 


2. Techniques utilized 


toma mad i efetvely employ meso resonng tl oe approve ater han eet 
‘They daa nn an) mathe pan hence ae more Neb i aa ini. 
concn wit aly by allowing fr ampere miu and paral al ne caret 
‘tu sf computing techniques is Arif Newal Network and Genetic Progamming ne 


2.1, Anica neu aerwork 


the human bra it ublizes snformation 10 ognize complex nonlinear behave ot puters 
cuir bythe network houghou! the easing proces, anit reans knowlege sng Sapte 
Iris wich ae the senso nem Comctons te peal a ANN i made up of 
{hee layer an int yer ne or mre ide er) nd a up gee Syrup wes, 
‘on network output against im. Modifying weights and biases backward using algorithms 
‘etc cor nl he deed supe scary tine. Trang ANN vs fed ew bck 
Popaptiondnibates cor hackard apd proces igh sn hss Forward. Until at 
‘show in Figure Readers may rer 0 [5102124] fr mote nmin om ow a8 ANN 
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type Ben er ait of ANN 25 
22. Model wee 

hs iene sy er ar ae 
nis he tl sia vaie_ Qui MS ecg ecmarcted a  Me 
"EIS ge Senge eof mot) MET sc ea 
the st odes. To tpi roe but wing the devison tee tsi, ad the Sie 
epoch wo cl he tana! deviston (a) i he eva the MS Mose 
{fo rong lar mel nthe eal nade (2728) The MST apeoch wie he Fo 
imprest ee gro se ting a ee rig ip [2930 Fae? owe 
‘ow the MS meth of Mel woe sp he nat XX fg rie no aie serve 
fer bk, BX here yy ly ae nes reson conn abd depict te asp 
‘Senet ances oe dag [29] een or MTree 


2 ig of mae oe with AL te a, 
2.3. Genstie programming 


Geni rgranming (CP) i demain agnostic spo fer eng poems by beating 


roranming Inewge Genetic roaming (i) based the sual of te tet 


ig 3. ample fan enc rpm (GP) ie eet te aso, 


A fow GP srt ice GEP,LOP and MGOP GEP employ ef length sar gen, 
‘Teechramonme frm op of iar symbole ing of aig or mule ene hat ed 
dons despite thi conan fen. A specifi pe of linear eset swe for 
(tata esr 1 2 ainge Inc at of mde, the frm "incase ote sap of he 
(Gnperne) prognnine eperenttion Expranioae fom Fura poems Ines, 

‘machine coder arab whoo a intepoer [32 I steed 4 bud lege” 
‘merge into oy drier weighed res by limiting the gene or ee dep). The vation 
‘ta single ee (ood) ees irae i the mfard GP fort alge nivale 
cxpowion [5235] for NGOP model declpmet ft poplaion ad gentaon si re 
‘hnged by mitral seein va tnsiond wel Conig o podrsofing. The ttn 
‘pec slats baachor and sod rpaing ach with sao sabe, Dain the 
{Tomer rose, rnd pct es trials or raced nas ae kod and orp 
“This proce rept ul the ernnton regceent eich, proving mel He 

Alou maxima mnber of genes (Gn) of a nial and maine depth of ee 
Sidi The MOGP alpen ccs equ cee ith thee sting. Fal the 
[est model scone rm the oat yale Reed on simply and fn Parnas alo 
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she wer w change the modes simpliciy (eg, Cima or Das), Figue 4 dei 2 ypc 
rods a cua vara. Altogh linear inthe puncte concoming the coefficients 
‘able dy dt the pen mode scare acrprats mole cmponets (68 
‘ep ctc) The fname rtmatc operas (3, =) and Dole gi ncn 
intel inthe fncton (nn, cos tanh, te) Fr dtl of Gears are ered [33-34 


Study area 


‘eo tckly poplted dics before mecting the Mia River [3]. Within the Pane 
Mopaitn Repen, any spall town and all micro sale (SSI he ike pape pup 
sls and mga eli some agricul an, re expe fr phe seneaon 
Tai aa River 36) 

‘negng noe Mas River ear ane [37] Along oe Maa Rive in the ae Mat Pion 
Replon here arse ilge ad story sa 


Rivera trough he ity of ae (Fa 5) ap thes aves Sowa omens with hin 
River aca tet ofthe Kris ier png mute. The Mal Mss River the 
‘ean! plot [38 The daa was colle om sation MU, MZ and ME a shown in ge § 


condctiity of wae wil lowering saluity f oxygen, Sait, when the sal content 
_amospheric oxygen being disolved. As noted, befor, BOD and COD are indicators of the 
‘unt of biodeadsle ann ioearaale ogc mater a water spa mas be 
‘of water hyacinth which cover the sufie of 2 ver, obsracting sunlight from reaching 
lated oxygen [3940 To scet at aegis group of tpt vale om ll posible 
‘orale cll for developing bik galty model a any foe of DDT mndlertion 
[6S Numerous ways to choose int varable are explored in arcs ttn They are 
ed ou hes, cnet Knowle sata lyn, os combination of thee [4-3]. 
weve fe 2 competing nec odo a thorugh analy of he inp ae selon 
roms AI the men tee o comets on ho hs nk auld ecard oa [4445] 
"Tin to ety tap aes fr oe recto f COD: expe Kole, cman hr 
(Cle 1) ad staal say (Tbe 2) were ed. Asti! aproch bar aol 
{he puter of anton fer hese Reween the Mal River and uta River ae alot 
‘ive alhough subtanal aitons wore detested the Mala Maths River: Condi the 
shove varton, crelstion and malaise water guy pant ware ete fer he 
‘condita said, total dswoed sols, ett, and nitate(NoS-No2INo}-N) Tale 
‘lps the elatoahip etc apt parame and COD for al res lenge of the Mula 
DO, eles! comic (EC), tll soled sls (TDS), tal slis (TS), hardness 
(Utara and te (NON), However, for the Mu Mutha River, di ptr ound, 
‘side BOD, pl, ite (NO, NO.) ad DO the Key combo eons fal slit 
‘deaved one fleting the reakdown or decomposition f marc mater Le, BOD} 


‘5. Model development 


“The cunt sly so ep the fesily an efeetvenest of DDT. MGGP and MST 5 
rolct COD content for ves Mul, Ma and Mla Man A cused the peeing 
‘stn and ils in bes In ll oe stacks of er demons tic’ pattems 
{polation an arin in the popsaon ney the str stch Hence, or ta er sd 
1S, TDS, NoBN, while for Mula-Matha River-BOD, DO, pl, hardness, TS, TDS, No3-No? 


120 Petal a 9 Cain Chit ging 7.429) 1118 


‘fo prc COD, ANN’ Sigered FFP model was tibet 2 lowe treed are (mest 
sued er. ANN modes were developed by tng he levrbermana lori © 
andzed fom 010 I. Thre re 7 neurons (Bs) in the pt nye 11S earns (or 
odes) im the den lyr ant meron (or soe) the opt ner The ia nd err 
of made inthe iden er cecal a reer uher may ol in over Sting ee, 
‘lamer mer yatta slice [45] All ml were ied wil 
‘imum evr tre an eho an the weight ad Bass ware nv fr testing othe 
‘ining dataset The ANN was tined in MATLAB 91 (2016) (45-7 


MOGP mods were develope ithe MATLAB 2016 wih th sourcecode of OPTS. The 
‘were changed in every run wo check the accuracy of the model Every rin was hep going ust 
(25. The best NGGP mode were chnen Bed os high curacy an low comply Par 
‘old ie em of So complet a accurcy The MP alas rs an eve ines 


‘The MES sort for MT wat me with WEKA 30 [2], The MST tectnique empoys the 
{te sana evo eduction ctor SDR) by cringe subepace vary nd its 
‘bsgue vara with ide and congue anton [18]. Te tao stances was ded 
compared to projected or modelled values during the course ofthis investigation. Statistical 
{ntsor wer lied aes the fletvnes of the devdeped DDT model Rt men 
‘urd err (RMSE), Mean sboite renin eno (MARE) and Coon of arti (8) 
Shichi deemed ete mt ceuate mode [3] Fora model 0 be ed ot el Me, nade 
‘ried weighs ad biases MST as 50 finer enon, MOGP a impli exton 


2 [oes 200 00, taaion FTO. Neinnw | ue | co 


45. Results and discussion 


forthe sie Mun Mua and Mula Mi Inia set perfomance at eel in eth 


‘model ane, and whether the syapic weigh and bio ae appropri ated 
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bite enone perfrmance, wit an RMSE of 0.015 mp and m af 09. Sint, 
|ANN mel: (Matha) eli gd perfomance wha RMSE of OUTS mL and an 
{092 However Mode Mula copays 4 igh RAISE of 0107 mg and of 091 The ahr 


‘The secguet spproach lis MGGF, which provide the pace tein eution 
med endl MOGP iste erates matheatca eon nt a ape farm the, 
‘a be apalendo ae how vars pares c= heal opl awh en 
She ects’ nine fen Retr auton Th 

cop = 0721anh(230N0, —NOFTS®)~ 139tanh(tanh(2ASDOND,— NO.) + 
280044 58100" 107" 0 


In NCP each ane ore hat = unig weed cele [35] Tobe 6 al gue 6 fect 
‘Hat the steal sigucaes of gen 2 and bin temas renter a tha of ey ther 
it) sow «higher cone or mer fleet ved the oct of COD. To make 
‘hermnel lorie tence presen th fom oan eu hat cae 
2 lsat i eso: The weight scat 9h ech et ded ing he Lest 
Ket eect by pig to solawfattnias ie geen of cate tear Be 
‘understanding of water aly acquired is emtonmentlstalies [9,50 


‘aac aeNgicnt 6 thert orspti dl ora er speci prepetion  e 
‘tte populstin [17.1 Tee fh ee op arabes ithe MIP mal ar ica 
ToD, DO, and TDS, flowed by hanes, T3 and cena, MCP singed y 
io eet pat arabes ha dot ny cnt th ia oboe 


“ibe 1 ao sports ths statement ax HOD, DO sd TDS dle the Nghe inlnce 
Sele sunty concen in eine ese [50 Thome may ence Ba SP 
(buen matnd has dean grasp of the undying COD phonamena a the comeaton 
{omer fc ant develo scene Eeerstons of “ting coring he 
desing pate (S- Addo the MUP apo en he developer ane of mol 
ose With he wa of Part char the het ig del my he uke depending 2 
{he applaion eguremena. The Pare chat (Fig. 8) plots exresinal samples Yemen 
edocs of (oscar fr model hat ae at dance nem th complet 
Sn psfrmance by other soluions A tec complonty ay Be sated By the abr 
Sd tens, ory ts expe colony [2435.Unng » Pato caver may sce 
‘8S perfomance fio and pick slton tha manne 2 Place Heween complet 
‘laos sd ti ate xian yee cated gd cption FL. Th 
optimal mel hgh secur and impiety) dented by a ed tcl Paete (ees dt) 
Grftpse an comply; wile Noo Parte (Use os) mole ae hae that are so 
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Paarmien od otek" +} 


Pig Parc ont woe ete MGGP med 


‘Mode Te th thin sity oo nia COD, tis et om hei nd come 
serene enn mn ae nr oe ie 
Se nw ale as on upc Ma Fe eid ig eS 
Bese 9a near (LM 3) vai en. The ery bor sie te 
‘ake inter heme of lad sample nh soe se of le he snd 
‘ber ina the rn ean ee cer (RSE of he sce net mde ved hy 
‘he and devin fhe sap set eh in pecetage [25 Sia he her 
putin: dee fies mesh i Tole Lina son ele er ST 
‘Mode wing the MS agi dpic eave cect fe BO a postive event 
feral tier panmctem parity DOD sd hares, ideing tat ieee he 
‘cent ny of hese inp i aver ices he COD cent, which cone 
‘ihe neal dentin of he nduence on COD (8), Ths can be oer a 
DST soe robe ance wed south nein pesos 


a. Clair te oe MST mol 
‘near eto develope far MST Medel afl 


cop = 049800 B076570S + 90475EC + 0.0065 Haran 413.965 ° 


40800573500 0963705 +00596EC + 00565Harde 487162 (3) 
cop = 199800 ~ L02300- OBI3TDS + OBNG7EC +421SHantn+08008 (4) 


Os hen ve Som he eter 61) th pd COD ve Sr mad! we 
oi we sa vl ral re Sloped A es a-cen seg 
Seance tr ml has apt ters ie pec 
Sgt vaoe ocelot 0,091 sed O31) mapesly ae ANR, MEG se 
een of wales inte daa. The ANN sgh cea a pprinan i a 
‘Satin espe prance msde cpt wc se sented A 
ee Somes pce whe te epee ah ad 
tes mae fete ppeach Wile soedag Eq Yor MST moi! 1 swig det 
onto ef only ce in net arr, BOD, TOS, aS wie COD, wich 
Se signal ty Solenrnde of waar yar COD, hl gene ae 
Soe, y ay a of ee 


Fg 1H. C00 sey ANN MGGPNST. 


cop = 2234800 + ooun2TS + o4TB6TDS +7.7016 o 


‘The seater plot fee 1) shows that ANS, MG apd ST fr model 2 all a 2 lnc 
laponon xr fr eth COD yale rece by he MCP mel with he wet B= 
(Sh tn adn, the RAISE ale for ANN (0107) the let, fled hy MG (009) 
su MST 223) Ei 6 geese by MEP for nel 2, erie that thas condere aly 
{tee pares ou of seven), taney BOD, DO, and EC we eect alte arctan: 
‘his ay be he explanation fer te odes poor pertains, ince TDS, TS, al fades 
‘conte a rene opie ter aoe grade) wera an show 3 seo 
‘rrcaton wi COD. Sin mel wes dn emp al be arte ola pat 
coma of pata cana anda devaon meen) ll unr ope sabes which 


126 Pht ae So Copan Cd ain 74 


cs in eave, ich i ao ein, 2-4, Th, th gui of MST ak the del 
‘Seperate oF 8 (090) 


1:26e~* (8) tanh (D0) +39 00)" tanh(OD) ~213e"* (D0) (EC) + 
8356-4 (00)? (60) +139, “ 
ANN, MCGR, and MST ll sed go arta fers oF Rm sown in th te pt 
(gee 12) fer onde 3 (050-8) In tem of RMSE, bowen the ANN ap the MGUP mel 
fae out ontop (OOIS 46). Table? demonat ht the stn devin f Mead 
Mata dt sewer ts a of the ceri Mal Maia dtl del 3). Tha vert ANN, 
teenie dey tr vles es cheved voles wich beso vig oer MEE, 
{O78 wah ANN, GeHD th MOGP apd 1.35 wih NT) wth Mata er ander er 
trl eter ale) All ave mode with ANN, MEAGP and MT ale spot hei pevormance 
‘vide wer MARE yale (L006 wets ANN, 0.09 and 9 wi I) and ghee aloe (092 
‘rh ANN, O91 by MGGP and 01 it MST), The simian een in mace develop 
fer Mala nd Mul Math sve. Lower RMSE shows weitere ef he ern wich the 
‘eine owas higher valu MARE shoe ction ardor pict als ad 
by ANN br 36473, 61545 by MOGP and S500 by AFT. This toned sles ther 
lvl modes swell Ths, ANN pics the al loner ore values flowed 
‘dl deeopd sing MUP al thn by MST. Palos wa another stata matin! wd 
{Cave age! haloes which Gat re imo meal beens coed 
‘with ANN0.763, MGGP-997 and MST-OATH along with p values for Mula-Mutha river (0810 
Sth ANS, 0960 wih NGG apd 0.54 wit MST) They ales or Ml, Mish at Ma 
Mata sere reer than (05 hinting the ret ret he al ype 


for Mula sver and user mhee DO, BOD, EC, TS and TDS while for Mala Nth 
‘Stl, BOD, pl, rte (NO; NO and DO wer found be marci parameters 
‘These crepancic data ith vation mph he explana by tara opel 


lite and platings The Die and congue approach wie by MST asi the eal 
nde demining ciara by mis the stndard deviton. vay dc 
‘he pecesing section he and deviation of the eat, Als Mai nthe ar 
‘ide which ncn ore pa yal ad cn othe ger agin ror Trlr 

MST dips RMSE ar 198, which som the ph sde Un expected: Over, ANN and 
MAGE permed hater a MST fr the mony semen Whe he cnt sta’ es 
‘scoparia previ inn mtd tet Mart [53 tiled ANFIS wo forcast COD 
Tera wate water teen plant and ead minimum RAISE af 540 ml, whch her 
‘gk wor compare cure rtm cont Oe a [40] a das 2 wd ANN 

SV and Lao prod the water unly prance DO an bined RMSE S072 mp 
(GotS mp and 0.374 mp, eapectvely ex mir pater sows ee 


7. Conclusion 


eran yr if ees cen ht trv sites pct bet in ope, ely, 
Scape cme Aang avon a ing Si ence 
[veniam to moe wer ality management. The resent ty hie he ple 
SE DDT in practing water quality messes that are ial to meme in the Fld 
‘evsnable sy th al of the mods or the prediton of mpi ate guy prune 
{COD for alte ee sches of he ver Mu Mu dad wel coma, ANN deelped 
‘ice cuperformal MOGP and MST wi igh ea layer RMSE alas la tae of 
‘anecy, alice ak nko, ANN ees ther aia mrotches bec of 
i mal re stacre and apc to map alia pt oat slant. The MGCP 
‘ds 2a 3 dplay ter performance by proving RMSE vais of less than 05 i. 
{0105 0.46) apd alas of mre tan 5 06, 88) Whe compre ote MST mel, 
Imation of slant prgres I wool scm Hlth steer of al te model fe 
poly he ta born varity. Fins So hi veh a show hat thn 
‘ortonoetal sites dona tle at they were dened to fen fame Bi alr 
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hse ice this wold pve more tn in an peas case acy 
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